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MEASUREMENT OF GAS FLOW THROUGH  





Comparing THz transmission through a sample with the transmission through free-space 
allows one to calculate the THz absorbance of a sample. Previous studies have focused on 
using THz absorbance to measure the diffusion of liquid through materials. In this study, 
the ability of THz spectroscopy to measure the flow of gas in a porous material, packaging 
foam, is investigated. Specifically, Terahertz spectroscopy from 0.5 to 0.7 THz is used to 
measure the THz absorption of 1,1-difluoroethane. Several experiments are performed to 
test the ability of THz spectroscopy to measure the flow of gas in a porous material: (1) The 
gas cell is empty (no foam) during the filling and purging of the gas cell. (2) Two layers of 
foam are put in the gas cell. The gas outlet at the bottom of the gas cell is left open. (3) Two 
layers of foam are placed in the gas cell. In this condition, the gas outlet at the bottom of the 
cell is left only partially open. The data shows that THz spectroscopy can be used to 
measure the flow of gas in opaque porous materials. The longer term goal of thesis research 
is to eventually use the THz properties of the gas to measure its diffusion through different 
porous products and correlate the gas diffusion with the material’s structure.  
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CHAPTER 1    
INTRODUCTION 
1.1 Background 
Terahertz radiation consists of frequencies from 0.1 to 10 THz, occupying the region 
between microwaves at lower frequencies and infrared at higher frequencies, as shown in 
Figure 1.1. Since THz can pass through many materials that are impervious for visible light 
without considering ionizing radiation, it is applied in several fields, such as medical 
imaging, sensors, and non-destructive evaluation of examining material structures.[1] 
However, THz radiation is strongly absorbed by water vapor as well as liquid water. It is 
strongly reflected by metals.  
Several research groups have shown the capability of using THz spectroscopy and 
imaging as a method to measure non-destructively the diffusion of liquids – in particular 
liquid water – through materials. Due to the relatively high absorbance of the diffusing 
liquid compared to the host material, one can measure the front of liquid as it diffuses as 
well as infer from those measurements the average as well as local diffusion coefficient of 
the material. One can use THz imaging of a material’s internal structure to visualize the 
diffusion pathways. The cracks, voids, fissures, and imperfections in materials may present 
routs of rapid water diffusion. The penetration of a liquid with high permittivity into 
materials produces a contrast between dry and wet THz absorbance images.  Figure 1.2 
shows the THz transmission image of a ‘dry’ cork sample and the sample after injecting 
water. After introduction of water, the cork sample becomes highly absorbance. Since THz 




presence of defects, cracks and imperfections, but also to directly monitor the flow or 
diffusion of gasses or liquids which can be strongly affected by the imperfections in a 
material. 
While THz measurement techniques have been shown to be useful as a 
non-destructive evaluation tool for measurement of liquid diffusion in materials, there has 
been essentially no published work demonstrating the ability of THz measurement 
techniques to non-destructively measure the diffusion of gases through a porous structure. 
[2] 
 
Figure 1.1  Electromagnetic spectrum including Terahertz range. 
 (Adapted from 
http://www.intechopen.com/books/recent-optical-and-photonic-technologies/terahertz-wa
ve-parametric sources, accessed February 20, 2013) 
 
 
Figure 1.2  The THz transmission of the cork sample at 10.9 hr, 21.9 hr, 33 hr, 44 hr, 55.6 





THz spectroscopy has been used as a tool to study a number of gases, such as 
carbon monoxide, nitric oxide, and methyl fluoride. There is interaction between the 
rotational energy states of gas molecules with THz radiation which creates absorption of 
the THz energy. The strength of interaction in THz region is more intense than interaction 
in microwave region, the interaction strength drops sharply towards the infrared region. 
Many gases obtain high absorption spectrums over a large bandwidth in the THz range. For 
example, 1,1-difluoroethane with the chemical formula C2H4F2 is a colorless gas. It is 
commonly used as the main ingredient of gas dusters. It has a strong THz absorption 
between 0.5 THz and 0.7 THz.[1,4,5] In this thesis, the strong absorbance of 
1,1-difluoroethane is used as the spectroscopic signature which enables one to measure the 
quantity of gas which permeates through a porous structure. 
 
1.2 Objective 
In this thesis, the goal is to use Terahertz spectra of a gas as a non-destructive evaluation 
tool to measure gas flow through a porous structure: specifically two layers of packing 
foams. In this thesis, the interaction between THz radiation and 1,1-difluoroethane is 
measured and the use of THz radiation for measuring THz absorbance of 
1,1-difluoroethane through foam is emphasized. The experimental device and the setup are 
described in Chapter 2. In Chapter 3, the method of calculating THz absorbance and 




CHAPTER 2    
EXPERIMENTAL 
2.1  Device 
There are several techniques to create radiation in the far-infrared or Terahertz region of 
the spectrum, such as free-electron lasers, gas lasers, and quantum cascade lasers. For this 
thesis research, a T-Ray 2000 spectroscopy system (Picometrix, Inc.) is used to measure 
the THz time-domain waveform. The T-Ray system is a THz time-domain spectrometer 
(THz-TDS) which generates and detects broad spectral pulses of THz radiation and 
simultaneously records the THz amplitude and phase information. This system includes a 
femtosecond lasers source, transmitter (Tx), a receiver (Rx), grating dispersion 
compensator, and a control box, as shown in Figure 2.1. [4, 6] 
The Femtosecond Ti: sapphire laser source is applied for the generation and 
detection of THz radiation. The system produces optical pulses of ~100-fs duration, 
operating at a wavelength of ~800 nm. While other laser sources such as mode-locked fiber 
lasers can be used for THZ-TDS, Ti:Sapphire lasers are the most widespread femtosecond 
laser sources. These lasers provide excellent pulse-to-pulse and long-term stability.  
The ultrafast optical lasers used with semiconductor photoconductive switches, 
also named Auston switches, is one technique for the generation and detection of THz 
pulses used in THz-TDS. This is the method employed by the T-Ray 2000 system. THz 
radiation is generated and detected through photoconduction arising from the flow of 
charge. Figure 2.2 (a) and (b) show the illustration of a photoconductive switch for 




systems. These antennas consist of H-shaped metal lines deposited on semiconductor, 
GaAs. The spacing of the electrodes is from 5 μm to 100 μm. For the generation of THz 
pulses, these electrodes are applied on two metal lines with a voltage between 10V and 
50V. Laser pulses are focused in between the metal lines at the gap. As a laser pulse 
illuminates the gap, charge carriers are injected and the antennas become conductive. The 
charge carriers are accelerated by the bias voltage field. The motion of carriers and their 
generation of freely propagating THz radiation can be described by Maxwell’s equations. 
The time-varying electric current density gives rise to the emission of a time dependent 
electromagnetic field. 
 
               ∇ × B = 𝜇𝐽 + 𝜇𝜀
𝜕𝐸
𝜕𝑡







where E is electric field, B is magnetic field, H is magnetizing field, 𝜇 is the permeability 
of material, 𝜀 is the permittivity of material, and 𝐽 is current density. Any process which 
creates a time-dependent change in the material properties 𝜇 or 𝜀, can act as a current 
source that results in emission of THz radiation. A semiconductor device causes rapid 
changes to the material properties, which are represented by σ, 𝜀, and 𝜇. Together, with an 
electric bias on the two metal lines, a THz wave is generated. [7] 
For receivers, there is no bias voltage applied to the electrodes. The bias is replaced 
by a sensitive ammeter or transimpedance amplifier so the tiny current can be detected 




the generated carriers to be displaced leading to a current flow during the lifetime of the 
photo-carriers.[4, 8, 9]  
 
Figure 2.1  T-Ray 2000 system 
 
 
Figure 2.2  One commonly used design for photoconductive antenna (a) transmitter (b) 
receiver. 
 
Experimentally the laser pulse is split into two arms, one for the THz emitter and 
one for the detector. In order to synchronize the timing arrival of the incoming THz 
radiation from the THz transmitter with the laser pulse which activates the THz receiver, a 
mechanical delay line is used to adjust the optical path length for the laser pulse before it 
interacts with the THz detector. When the laser pulse interacts with the THz detector, the 




of the laser pulse. During this brief period of time (~100fs), essentially only one point in 
the THz pulse is measured. In order to move the detection gate to another time point in the 
THz pulse, the delay line needs to adjusted in length or equivalently in time delay. The 
control box is used to control the delay time. By repeatedly changing the time delay, the 
THz-TDS system maps out the measured THz waveform as a function of time.  
Phase and amplitude information is extracted from the THz time-domain waveform 
by applying a Fourier Transform to convert time domain data to the frequency domain.  As 
will be shown in Section 2.3, the Fourier Transform yields the spectrally dependent 
amplitude and phase of the THz radiation. From the amplitude and phase, and knowing the 
length of a sample, the absorption coefficient and real refractive index of a sample can be 
calculated. 
2.2 Gas Cell 
The body of the gas cell is made of plastic. The size is 10cm length by 10cm width by 22cm 
height. Between the plastic and metal, a rubber gasket is inserted. In this experiment, the 
body of this gas cell is enclosed by a piece of metal at each end. The size of each piece of 
metal is 14cm length by 14cm width by and 0.5 cm height. Gas fitting are attached to the 
metal end pieces to allow the gas sample to be delivered to the cell using standard flexible 
hose connections. Two layers of foam are enclosed in this plastic chamber; the size of the 






Figure 2.3  The gas cell. 
 
2.3 Sample Data 
The result of a typical measurement of THz time-domain waveforms is shown Figure 2.4, 
which is recorded as electric field as a function of time delay. When a sample is inserted 
between the detector and transmitter, the pulse is delayed due to the refractive index of the 
sample. The THz phase and amplitude is normalized to the phase and amplitude of the 
reference.  
 
Figure 2.4  Measured THz time-domain waveform (blue). The reference waveform 




A Fourier transform is used to convert the time domain data into the frequency 
domain. In frequency domain data, an amplitude and phase change at every frequency can 
be obtained, as shown in Figure 2.5 and Figure 2.6. THz amplitude approaches the noise 
limit of the THz system when the THz amplitude approaches a roughly constant average 
value. For reference spectra of Figure 2.5, this occurs at approximately 2.1 THz. For 
sample data, all data above a frequency of ~ 0.5 THz is in the noise. [10]  
In order to extract the absorbance and real refractive index from the THz spectral 
data, the sample THz phase and amplitude is normalized to the phase and amplitude of the 
reference waveform. The refractive index can be obtained by calculating the different 
between sample phase and reference phase divided by the THz frequency.  
 










where 𝑛𝑟 is refractive index, 𝜙𝑠 and 𝜙𝑟 are sample phase and reference phase respectively, 
𝒄  is speed of light, 𝝂  is frequency, L is length of sample. From Figure 2.6, before 
approaching the noise, the phase shift is linear. The absorbance of the sample can be 







Figure 2.5  Corresponding amplitude as a function of frequency after Fourier 
transforming the time-domain data. 
 
 
Figure 2.6  Corresponding phase amplitude as a function of frequency after Fourier    
transforming the time-domain data. 
 
2.4 Experimental Setup 
In order to determine the appropriate frequency range for analyzing the flow of gas through 
a porous medium, THz absorbance of 1,1-difluoroethane is measured in an otherwise 
empty cell (no foam). Nitrogen is used to flush out any residual 1,1-difluoroethane in the 




thousand waveforms are averaged for this experiment. Subsequent to this background 
measurement, the gas cell is filled with 1,1-difluoroethane (1 atm). Using these 
measurements, the THz transmission through 1,1-difluoroethane is compared with the 
transmission through free-space. As described in the next chapter, the transmission data 
with 1,1-difluoroethane and with nitrogen are compared to determine the absorbance 
spectra of 1,1-difluoroethane. 
There are several cycles to characterizing the flow of gas through the porous foam. 
In each cycle, 1,1-difluoroethane is injected into the cell by opening a valve. THz 
absorbance of 1,1-difluoroethane on the top layer of foam is recorded as a function of time. 
For these time dependent measurements, 10 THz time-domain waveforms are measured 
and averaged every 100ms. Gas is flowed into the chamber until a roughly constant value 
of attenuation is attained. Nitrogen is then injected into the cell to flush out 
1,1-difluoroethane. Again, a time sequence of THz spectra is acquired. Using these 
measurements, the rate filling and flushing-out of 1,1-difluoroethane through the porous 
foam is studied. Several cycles of the filling and flushing are repeated under different 
pressure conditions. Measurements were performed with the gas cell empty or with two 
layers of foam in the gas cell. The foam is a standard plastic foam material which is used as 





Figure 2.7 The foam. 
 
In order to test the ability of THz spectroscopy to measure the flow of gas in a 
porous material, several experiments are performed: 
1. Experiment 1: The gas cell is empty (no foam layers) during the filling and purging 
of the gas cell. 
 
2. Experiment 2: Two layers of foam are put in the gas cell. In this condition, THz 
beams are set to go through the top layer and the bottom layer of foam.  The gas 
outlet at the bottom of the gas cell is left open. In this configuration the intent was 
for the foam to restrict the flow of gas through the gas cell. 
 
3. Experiment 3: Two layers of foam are placed in the gas cell. In this condition, THz 
beans are set to go through the top layer of foam. The gas outlet at the bottom of the 
cell is left only partially open. In this configuration the intent was for the partially 




CHAPTER 3    
RESULTS AND DISCUSSION 
3.1 Analyzing Method 
There are many methods for analyzing the THz waveform. In this study, the THz 
frequency dependent optical constants of the THz pulse through the gas cell are 
investigated. The THz phase and amplitude is normalized to the phase and amplitude of the 
reference waveform. The absorbance (A) of the sample are calculated by comparing THz 






                                                                           
(3.1)  
 
where |Er (𝑣)| and |Es (𝑣)| are the magnitudes of the reference and sample THz electric 
fields as calculated by the Fourier transform, respectively. [3]  
3.2 EXPERIMENTAL RESULTS AND DISCUSSION 
3.2.1 Absorbance of Gas Cell, Foam, and 1,1-difluoroethane 
For the spectroscopic absorbance measurement of 1,1-difluoroethane, the THz waveform 
is measured both with 1 atm of nitrogen (reference) and 1 atm of 1,1-difluoroethane 
(sample). The absorbance of the 1,1-difluoroethane gas can be calculated from Eq. 3.1 and 




determined by measuring the spectral width of the 1,1-difluoroethane gas absorbance 
spectra. THz frequency domain data is shown in Figure 3.1. A thousand THz waveforms 
are averaged for both the reference and sample spectra. The sample waveform drops 
between 0.5 and 0.7 THz, which indicates the peaks of absorbance is located in this 
spectral interval. Using Eq. 3.1, the THz absorbance of 1,1-difluoroethane in empty gas 
cell is shown in Figure 3.2. It corresponds with Figure 3.1. There is no signal below 0.05 
THz. Absorbance approaches the noise at approximately 1 THz. This frequency interval of 
0.5-0.7 THz is used in the remainder of the analysis to determine average THz absorbance 
relative to the reference spectrum. The average absorbance in the 0.5-0.7 THz band should 
be proportional to the average concentration of 1,1-difluoroethane gas in the gas cell 
structure.   
 
                Figure 3.1  Frequency dependent absorbance for the time-domain waveform. 






Figure 3.2  Frequency dependent absorbance for the time-domain waveform of 
1,1-difluoroethane. 
 
Figure 3.3 shows the THz absorbance of the gas cell with foam (black) and with no 
foam (green). There is no signal below 0.05 THz. The black line approaches the noise at 
approximately 0.7 THz. To compare the THz absorbance of the gas cell and foam with the 
THz absorbance of the plastic gas cell, the THz absorbance of the gas cell is relatively low.  
Figure 3.4 shows the THz absorbance of foam only. There is no signal below 0.06 THz. 
Absorbance approaches the noise at approximately 0.8 THz. This absorbance waveform 
suggests that the foam is transparent enough to detect THz transmission. On the other hand, 
the THz absorbance of the foam is high enough, which allows us to use the THz 
transmission of the foam and the gas cell as reference waveform to determine average THz 









Figure 3.4 The THz absorbance of the foam. 
 
3.2.2 Determination of Foam’s Resistance to Gas Flow 
By comparing the results of Experiment 1 to Experiment 2, one can determine whether or 
not the foam contributes a measurable resistance to the flow of gas in the cell. Essentially, 
we measure the time-dependent absorbance in the gas cell with the exit valve fully open. 
Measurements are made with the foam in the gas cell and with the foam removed. In this 




layer foam. Figure 3.5 shows the comparison of THz absorbance of 1,1-difluoroethane in 
the empty gas cell compared to that of the top layer of foam in the gas cell. The absorbance 
at different time is form by calculating the average absorbance from 0.5 THz to 0.7 THz. 
The blue line indicates THz absorbance of 1,1-difluoroethane in the gas cell 
without foam; the red line shows the THz absorbance of 1,1-difluoroethane of the top layer 
of foam. Some of the features of the data are consistent with expectations while others are 
not consistent. The blue line reaches the saturated state (the gas cell is filled with 
1,1-difluoroethane) at the value of absorbance around 2.7. The red line reaches the 
saturated state at the value of absorbance around 1.4. This is expected since when the foam 
is present, a smaller volume of gas is present in the gas cell since the foam itself is 
occupying some of the space. Thus, when the saturated state is reached, less gas is present 
in the chamber with foam than without foam.  
On the contrary, the time-dependence of the data exhibits some inconsistencies. 
The blue and the red line start at zero and increase as time increases until a saturated state is 
reached. The blue line reaches the saturated state around the eighteenth second; the red line 
reaches the saturated sate around the twentieth second. Ideally, it should take shorter time 
to reach saturation for 1,1-difluoroethane flowing through the empty cell. This 
experimental result strongly suggests that the foam does not restrict the flow of gas. The 
gas flow is restricted mostly by the valve because the foam is too porous.   
The green line shows the flushing-out process of the top layer of foam. The value of 
the curve decreases as time increases. This line goes down at the value of absorbance is 
near 1.4. It corresponds to the saturated state of injected 1,1-difluoroethane. The 




residual 1,1-difluoroethane in the cell when the reference scan was acquired. The small 
amount of 1,1-difluoroethane in the reference scan (supposedly after all  
1,1-difluoroethane  had been removed) could account for a lower absorbance value after 
prolonged flushing with nitrogen.  
 
Figure 3.5  Comparing absorbance of 1,1-difluoroethane in empty gas cell with 
that with top layer foam of the gas cell. 
 
3.2.3 Determination of Foam’s Resistance to Gas Flow -The Bottom Layer of Foam 
To ensure that our conclusion that the foam was not inhibiting the flow of gas in the cell, 
Experiment 1 and 2 were repeated except with the THz beam propagating through the 
bottom most layer of foam. By propagating through the bottom most layer, it would be 
more certain that any gaps between the foam and the plastic walls were plugged forcing the 
gas to pass through the porous foam structure.  
Figure 3.6 is THz absorbance and the flushing out rate for the bottom layer of foam. 
The blue line indicates the THz absorbance of 1,1-difluoroethane in the gas cell without 
foam; the red line shows the THz absorbance of 1,1-difluoroethane of the bottom layer of 




increase as the time increases until the saturated state is reached. The blue line reaches the 
saturated state near the thirtieth second; the red line reaches the saturated sate around the 
eightieth second. Ideally, it takes shorter time to reach saturation for 1,1-difluoroethane 
goes through the empty cell. This experimental result is consistent with the results for 
Experiment 1 and 2 through the top layer of foam: the foam does not restrict flow of gas. 
The gas flow restricted mostly by the exit valve.  
Before the red line starts to increase, the line drops a little from time at zero second 
to 6.6 second. The reason to cause this situation is that in the previous test, the 
1,1-difluoroethane in the cell with the top layer of foam is flushed-out by nitrogen. Even 
though 1,1-difluorethane is flushed-out completely in the top layer of foam, there is still 
some gas that is residual in the bottom layer of foam and nitrogen gas is still in the top layer 
of foam. As 1,1-difluorethane is injected into the gas cell, it pushes the residual nitrogen 
through to the bottom layer of foam and flushes-out the residual 1,1-difluorethane in this 
layer, which causes the red line drops from the absorbance value around 0.4 to zero before 
6.6 second.  
The blue line reaches the saturated state at the value of absorbance around 3. The 
red line reaches the saturated state at the value of absorbance around 1.8. This is constant 
with a smaller volume of gas present with the foam since the foam itself occupies a fraction 
of the volume which is probed by the THz radiation.  
The green line shows the flushing-out process of the top layer of foam. The line 
goes down as time increases. The line drops at absorbance value around 1.8, which 




approaches zero when it is reaching the saturated state. This verifies that the 
1,1-difluoroethane is flushed-out from this layer of foam.  
 
Figure 3.6  Comparison of absorbance of 1,1-difluoroethane in empty gas cell with 
that of bottom layer foam, and the flushing out rate in the cell. 
 
3.2.4 The Top Layer of Foam Under Different Pressures 
As discussed in the previous section, there was essentially no difference in the rate of 
increase of 1,1-difluoroethane gas in the gas cell whether or not the foam is present. This 
result suggests that the foam has little effect on the gas flow through the cell since it is too 
porous. The flow of gas through the gas cell is predominately determined by the diameter 
of the entrance and exit hosing into the cell. In order to more controllably adjust the flow of 
gas into the cell, the exit hose was partially closed so that the restricted size of the opening 
limited the gas flow through the cell. With this restriction, the gas pressure inside of the gas 
cell could be maintained at a roughly constant value during the filling and flushing 
procedure.  
With the foam in place, and the gas outlet from the gas cell partially closed, the THz 




psi is recorded as a function of time. The flushing rates of 1,1-difluoroethane gas with 
nitrogen at 1.5 psi and 2.0 psi are recorded as a function of time.  
In this experiment, THz beams are set to go through the top layer of foam. The THz 
absorbance of the top layer of foam as a function of time under different pressures is shown 
in Figure 3.7. The black line shows the THz absorbance for 0.75 psi; the green line is the 
THz absorbance for 1.6 psi. The red and blue lines are the THz absorbance processes for 
1.9 psi and 2.25 psi, respectively. The data has been shifted in time so that equivalently the 
gas starts to flow into the cell at the same time. These four lines all start near zero 
absorbance. The absorbance starts to increase around 6.5 second. The values of absorbance 
increase as time increases. The black line reaches the saturated state around 50s; the blue 
and green lines reach the saturated state around 20s; the red line reaches the saturated state 
near 15s. Theoretically, one would expect it to take longer time to reach the saturated state 
under lower pressure. The test result indicates that it takes longer time to reach the 
saturated state under 0.75 psi. However, there is not much difference at higher pressures, 
which is attributed to the fact that the foam does not restrict the flow of gas. The flow of gas 






Figure 3.7  Absorbance of top layer foam under different pressures. 
 
Figure 3.8 shows the flushing-out rates at 1.5 psi (green) and 2.0 psi (pink). The 
values of absorbance drop as time increases. The data has been shifted in time so that 
equivalently the gas starts to flow into the cell at the same time. These two lines start to 
drop at the fifteenth second. The pink line approaches the saturated state near the thirtieth 
second; the green line approaches the saturated sate near the fortieth second. Theoretically, 
it takes a shorter time to flush-out 1,1-difluoroethane under higher pressure. This 
experimental result matches what is expected.  
 
             Figure 3.8  The top layer foam flushing out rate at 1.5 psi and 2.0 psi.
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CHAPTER 4    
CONCLUSIONS AND FUTURE WORK 
In this thesis, THz spectroscopy is applied to non-destructively measure the diffusion of 
gases through a porous structure. Using a time-domain THz spectroscopy system, THz 
transmission in the 0.5-0.7 THz range is used to obtain the average THz absorbance 
relative to the reference spectrum. The flow of gases through two layers of foam is 
measured. During the filling process, the value of absorbance of both two layers of foam 
increases as time increases. When the saturated state is reached, less gas is present in the 
gas cell with foam than without foam since the foam occupies some of the space of the gas 
cell. However, since the foam is too porous, the foam does not restrict the flow of gas. In 
order to more controllably adjust the flow of gas into the cell, the exit hose was partially 
closed. The THz absorbance of 1,1-difluoroethane under filling pressures of 0.75 psi, 1.6 
psi, 1.9 psi and 2.5 psi and flushing rates of 1,1-difluoroethane gas with nitrogen at 1.5 psi 
and 2.0 psi are recorded as a function of time. For the study of filling pressure of 0.75 psi, 
1.6 psi, 1.9 psi and 2.5 psi, it takes longer time to reach saturation at 0.75 psi. However, 
there is no much difference at higher pressures since the foam does not restrict the flow of 
gas. This result indicates that the flow of gas is restricted primarily by the restricted size of 
the exit valve. 
 The gas diffusion through another kind of foam (a sprayed foam used for thermal 
insulation around pipes and windows) was also tested. However, the porosity of the spray 
foam is too low. The foam (about 10cm thick) effectively blocked the gas passing through 
the gas cell chamber. The flow or diffusion of gas through the foam was not measureable 




Based on the analysis of the THz data this far, it appears that THz spectroscopy can 
be used to measure the flow of gas in opaque porous materials. Time dependence of gas 
flow can be obtained by THz spectroscopy. However, the work in this thesis does not 
complete the task of measuring the diffusion of gas in porous materials. In the next step of 
this work, a foam material should be chosen which resists the flow of gas (i.e. more 
resistive than the packing foam used in the thesis) but does not severely block the flow of 
gas through the sample (i.e. more permeable to gas flow than the spray foam). Ideally, the 
gas diffusion through a foam with some permeability to gas flow could be measured. After 
measuring the filling and flushing-out process, one can explore the relationship between 
the different foam products and the measured gas diffusion in these porous and permeable 
materials. If one were be able to correlate the THz spectra with gas diffusion for different 
foam products, THz spectroscopy could be used as a non-invasive and non-destructive 
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